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j.iatssr.2016.05.003a b s t r a c ta r t i c l e i n f oAvailable online xxxx Estimates by the World Health Organization suggest that, on a yearly basis, road crashes kill 1.25 million
people—nearly 3400 road fatalities per day—and injure up to 50 million. Trafﬁc injuries are not equally spread
over the world, however; some countries are hit harder than others, and the chance of being killed in a road
crash depends onwhere one lives. Almost 90% of all trafﬁc casualties occur in low- andmiddle-income countries
(LMIC). Globally, the number of fatalities per 100,000 population (mortality rate) ranges from less than 3 to
almost 40. The rate is less than 9 in high-income countries (HIC) but averages around 20 in LMIC, with the
African region demonstrating the highest rate (26.6). While road safety trends have been positive in HIC over
the last few decades, trends in LMIC are not telling a positive story: road fatalities are expected to increase to
almost 2 million road fatalities per year by 2020.
The United Nations has adopted several resolutions on road safety and proposes actions to tackle the global road
safety crisis. Considering the current level of road safety to be unacceptable, the UN has taken several initiatives.
One effort, the Decade of Action for Road Safety 2011–2020, has generated substantial activity around the world
over the last couple of years. Furthermore, it is very encouraging that the UN included road safety in the Sustain-
ableDevelopmentGoals that it laid out in September 2015. Road safety is part of the public health agenda and the
urban development agenda. Measured in “real actions,” however, the responses so far from the overall global
community and individual countries do not suggest that we are already on the right track to bringing down
the death toll on roads.
The future of road safety is uncertain and deﬁnitely not the same for all regions of the world. Countries with a
mature road safety approach and an ambition to make further progress are expected to move in the direction
of a pro-active approach: a Safe System approach. It is reported that many LMIC, meanwhile, are on the brink
of designing road safety strategies and implementing action plans. The international community is willing to
support LMIC, but LMIC cannot simply copy successful HIC strategies because local circumstances differ. The
principles of successful HIC strategies are applicable, but the priorities and action plans should take root in and
align with local conditions.
© 2016 Production and hosting by Elsevier Ltd. on behalf of International Association of Trafﬁc and Safety Sciences.
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Measuring road safety is not as simple as measuring temperature.
There are various ways to deﬁne road safety. When measuring road
safety, therefore, it is of the utmost importance to make clear which
elements are included in a deﬁnition and which are not. The most
commonmeasures to deﬁne road safety are the number of road crashes,of Trafﬁc and Safety Sciences. This is an open access article under the CCBY-NC-ND license
wide perspective, IATSS Research (2016), http://dx.doi.org/10.1016/
2 F. Wegman / IATSS Research xxx (2016) xxx–xxxthe number of road casualties, and the associated negative conse-
quences [1]. However, this deﬁnition is not universal in its scope of
use. Problems related to the use of different deﬁnitions are part of the
reason why making international comparisons is so difﬁcult. Issues like
poor data collection methods, data incompleteness, and problematic
data availability also complicate the comparison process [2]. The United
Nations (UN ECE) has taken the lead in working to standardize the
various international deﬁnitions. In almost all countries, police forces reg-
ister information on crashes. For several reasons, these registrations are
always incomplete. This is called underreporting. Further complicating
the matter is the phenomenon of biased underreporting, which results
in certain crash types not ﬁguring into ofﬁcial statistics. For example,
cycle crashes are notoriously underreported; these types of crashes are
victim to underreporting far more often than crashes with motorized
vehicles are. Moreover, the consequences associated with road crashes
(at an individual level and a societal level) are known only to a limited
extent. Fortunately, many countries in the world are aware of problems
in the quality of their road safety data and working to make
improvements.
It has long been a tradition in road safety to analyze road safety data
to understand why crashes occur, which factors inﬂuence risks, and
what determines crash severity, and based on this understanding, to
arrive at reliable conclusions on how to prevent them most effectively
and efﬁciently. We call this a data-driven approach [3] or “going ﬁshing
where the ﬁsh are.” In this approach, we derive priorities by using crash
data, background data, exposure data, and data of safety performance
indicators.
Fig. 1 shows an example of this approach. Risks for males and
females (serious injuries per kilometer traveled) are presented for
different age groups.We observe relatively high risks for young drivers,
especially young males, and for elderly drivers. Naturally, we want to
ﬁnd an explanation for these spikes in thedistribution and subsequently
an answer to the question of how to reduce the high risks. In order to
establish a good understanding of the situation, it would beworthwhile
to identify the conditions and circumstances under which high-risk
crashes occur: time of day/night, alcohol involvement, and road type,
etc. Generally speaking, however, we cannot derive a fully satisfactory
answer through crash data alone.We also need to incorporate exposure
data, data on safety performance indicators [4], and, of course, scientiﬁc
literature that might guide further analysis.
The basic idea behind this go-ﬁshing-where-the-ﬁsh-are approach is
the general assumption that it would be easier (and more effective
and efﬁcient) to reduce higher risks than it would be to reduce lower
risks. This is the same type of reasoning as used to address safety prob-
lems in locationswith high numbers of crashes: improving intersectionsFig. 1. Relationship between age category and injury risk (serious injuries per billion
passenger kilometers) among males and females.
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numbers of crashes.
It can also be helpful to learn from others by comparing one's own
performance with that of others. For example, one could compare the
reduction in the number of fatalities in a country with reductions in
others (Fig. 2).
For instance, one might look at Fig. 2 and think about what kinds of
action plans Spain implemented to achieve a 70.9% reduction (2000–
2013)—a result that makes Spain an “outperformer” and a country to
learn from [2]. One could also investigatematters the otherway around:
how has Spain been inspired by the achievements of other countries,
such as the positive results in France? If we study the international
literature to understand how countries have improved their safety per-
formance over the years, we ﬁnd a multitude of potential explanations.
Researchers have developed benchmarking methodologies to learn
from international comparisons (see, for example, [5,6]). Designing
meaningful benchmarking and identifying “working ingredients” are
rather complicated tasks, considering that countries often implement
a variety of road safety interventions over a single period. Moreover,
other developments have an impact on road risks (which researchers
call “confounding factors”). It is, to the best of our knowledge, fair
to say that no country has a full explanation of the progressmade. How-
ever, it is also fair to say that our knowledge and understanding of why
countries made progress has increased signiﬁcantly over the last few
decades.
Traditional road safety areas are tackled with rather well-known
interventions:
• Improving human behavior (speed, alcohol, seat belts, and helmets)
through legislation, enforcement, and campaigns;
• Safer infrastructure through planning and design; and
• Safer vehicles through better crashworthiness, active vehicle safety,
and vehicle inspections.
The Handbook of Road Safety Measures [7] gives a comprehensive
overview and illustration of how various interventions impact road
safety. Almost all the research in the Handbook comes from studies in
high-income countries (HIC) or highly-motorized countries. However,
simply transferring this knowledge to other regions of the world is not
a valid approach; the transferability of research results relies ﬁrst and
foremost on the extent to which the reported safety effects of interven-
tions depend on the circumstances in which the research was carried
out [8]. Still, it is an encouraging development to see how low- and
middle-income countries (LMIC) try to improve their road safety
records by learning from HIC [9]. Furthermore, it has become rather
popular to produce “best or good practice manuals” that provide a
foundation for learning. In the United States, for example, one manual
identiﬁes 23 key emphasis areas that affect highway safety. Each of
the 23 emphasis areas (such as speed, head-on collisions, novice drivers,
collisions with utility poles, distraction, aggressive driving, and
unsignalized intersections, etc.) includes strategies and outlines of the
requirements for implementing each strategy (http://www.trb.org/
Main/Blurbs/152868.aspx). Experts in Europe carried out the
“Supreme” project, resulting in a report called “Best Practices in Road
Safety: Handbook for Measures at the Country Level” (2007). The ﬁnal
report of the Supreme project consists of 14 volumes (http://ec.
europa.eu/transport/roadsafety_library/publications/supreme). The
European Road Safety Observatory ERSO has an interesting knowledge
base of “fact sheets,” and the World Health Organization prepares
“how-to” road safety manuals for LMIC (http://www.who.int/
roadsafety/publications/en/). As I stated before, however, local experts
have to assess if and how results from these studies can be transferred
to their own settings.
When trying to explainwhySpainmade such an enormousprogress,
for instance, the fact that Spain was not the only country with amassivewide perspective, IATSS Research (2016), http://dx.doi.org/10.1016/
Fig. 2.Medium-term changes in road fatalities from 2000 to 2013 [2].
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Almost all the highly-motorized/high-income countries in Fig. 2 show
a substantial reduction in the number of fatalities, suggesting the need
for further research into the question of whether these reductions
arise out of common factors or country-speciﬁc conditions.
Although this topic of research ﬁnding common features to explain
road safety progress—is not a well-traveled theme in road safety, a
recent study shed some light on the issue [10]. The researchers exam-
ined the relationship between economic and road safety developments
and observed that the ﬁnancial and economic crises, which started in
many OECD-countries in 2007, was accompanied by marked falls in
annual numbers of road deaths. The study covered fourteen countries
and concluded that the economic downturn in 2009–2010 may well
have contributed to about two-thirds of the overall decrease in fatalities
from 2008. In the study, researchers correlated economic indicators
with road safety indicators. Several studies reported in [10] tried to
test the underlying causes of the identiﬁed correlations. The researchers
could not fully establish the mechanisms explaining the underlying
causes, but they uncovered some indications and concluded that
decreases in fatalities are not so much a function of the reduction in
trafﬁc volume (a consequence of the economic downturn) but rather
a product of the reduction in fatality rates. This rate reduction is associ-
ated with less exposure to the risks of high-risk groups in trafﬁc (young
people), fewer heavy goods vehicles, and, perhaps, less dangerous
driving. This is certainly an area for further research, but it is important
to understand that researchers found correlations between the eco-
nomic crisis and the reduction in road trafﬁc fatalities. Policymakers
should be aware of these ﬁndings when setting road safety targets forFig. 3. Road fatalities per 100,000 inhab
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recovery will have an impact on trafﬁc volume and trafﬁc risks.
When comparing with the road safety performance of a country in
order to learn how to improve the performance of another country,
one needs to take three requisite elements into consideration: a mean-
ingful comparison of road safety data, a thorough understanding of
research results, and the capability of transferring knowledge from
one setting to another throughwell-qualiﬁed and trained professionals.
Looking at Fig. 3, we see that there is certainly room for improvement in
many countries. The ﬁgure presents mortality rates for the countries
that are members of IRTAD (the International Road Safety Data and
Analysis Group, which works under the umbrella of the International
Transport Forum ITF). Mortality rates range from below 3 fatalities per
100,000 inhabitants to more than 12. If we include other regions of
the world, the picture starts to become alarming.2. Road safety worldwide
Annually, road crashes kill 1.25 million people and injure up to
50 million across the globe [11], and the 2015 WHO report [11] states
that almost 90% of trafﬁc casualties occur in LMIC. Fig. 4 clearly
illustrates stark differences in mortality rates among different regions
of the world, with the African region coming in at the highest rate
(26.6). In addition to the human consequences of crashes and casualties,
crashes also involve high costs that severely burden a country's
economy. Road crashes result in medical costs, production losses,
human losses, property damage, settlement costs, and more. Countries'itants (mortality rates) in 2013 [2].
wide perspective, IATSS Research (2016), http://dx.doi.org/10.1016/
Fig. 4. Infographic on road trafﬁc injuries.
Source: World Health Organization.
4 F. Wegman / IATSS Research xxx (2016) xxx–xxxestimates of these costs range from 1% to 5% of GDP: 1.8 to 3.0% in LMIC
and 2.2 to 4.6% in HIC [12].
Over the last few decades, we havewitnessed an enormous progress
in OECD/HIC countries when it comes to reducing the number of fatali-
ties and fatality rates. In LMIC, however, a completely different picture
emerges. We cannot fully rely on ofﬁcial statistics in many LMIC, but
the WHO, having used several methods to correct for underreporting,
estimated a total of 1.25 million fatalities to occur each year. The WHO
concluded that the total number of road trafﬁc deaths around the
world has plateaued, meaning that the increases in total fatalities that
we have seen in the past have now come to a standstill. A further
detailed analysis of this conclusion would be beneﬁcial, especially
considering the results of an earlier report by Kopits and Cropper [13],
who established correlations between economic development and
road crashes. Projections of future trafﬁc fatalities suggest that the
global road death toll will grow by approximately 66% between 2000
and 2020. This number, however, reﬂects divergent rates of change in
different regions of the world, as Fig. 5 shows. It is clear that the WHO
results [11] and the conclusions of Kopits and Cropper [13] contradict
each other. These divergent views demand further analysis.
With this predicted increase in mind, the international road safety
community worked within the framework of the Decade of Action for
Road Safety 2011–2020 to formulate a road safety target for 2020:
halving the number of fatalities compared with the predicted number
of 1.9 million—in other words, fewer than 1 million fatalities per year
in 2020.
In 2015, the UN decided on seventeen “Sustainable Development
Goals” (https://sustainabledevelopment.un.org/sdgs) two of which
include road safety. One deals with health (ensure healthy lives andFig. 5. Predicted future developments in the number of road fatalities in different regions
of the world [13].
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communities (make cities and communities inclusive, safe, resilient
and sustainable):
3.6 By 2020, halve the number of global deaths and injuries from
road trafﬁc accidents.
11.2 By 2030, provide access to safe, affordable, accessible and
sustainable transport systems for all, improving road safety,
notably by expanding public transport, with special attention to
the needs of those in vulnerable situations, women, children,
persons with disabilities and older persons.
Goal 3.6 is very speciﬁc (halving road deaths and injuries by 2020)
but does not specify a reference value (halving compared with what).
If we take the numbers for 2015 (1.25 million a year), reaching the
targetwould be very complicated, if not impossible. If we use the results
of Kopits and Cropper [13] as the reference value (1.9 million in 2020;
halving would imply less than roughly 950,000 fatalities in 2020), it
would still be a challenge to meet the goal. Assuming that the WHO is
correct in stating that the absolute numbers of road trafﬁc deaths are
“plateauing,” however, it would be crucial to understand what should
be done worldwide to reach SDG-goal 3.6.
This brings us to the next set of questions:
– What could be the next steps for HIC to achieve further improve-
ments in road safety?
– What are theﬁrst/next steps for LMIC tomake progress in improving
road safety?
The answer to the ﬁrst question could be twofold. First of all, HIC
countries could design and implement traditional strategies in a better
(more effective and more efﬁcient) way. Second, countries could
embark on the Safe System approach.
When it comes to low- and middle-income countries, the response
could be to analyze road safety problems and design road safety strate-
gies, using the experiences of HIC and thus speed up progress compared
with HIC in the past. This is an interesting perspective because of the
enormous knowledge resources accessible to the countries that need
to make improvements. However, LMIC cannot simply “copy and
paste” solutions from HIC—they need tailor-made solutions, adapted
to local conditions and circumstances.
3. The Safe System approach
Many HIC have made great progress over the last couple of decades.
As stated above, there is no way to provide a full, all-inclusive explana-
tion of how countries have made that progress, but the performance iswide perspective, IATSS Research (2016), http://dx.doi.org/10.1016/
5F. Wegman / IATSS Research xxx (2016) xxx–xxxremarkable—and even more impressive when one takes into account
the enormous increase of traveled (motorized) kilometers on the
roads [1]. As all countries in the world—even the safest—are still
unsatisﬁed with the current level of safety (with a mortality rate
of 3.0), however, the questions of how to make even more progress
remain an important one to address.
There are two good reasons why the traditional approach (working
on reducing “spikes in distributions”) will become less effective and
efﬁcient in countries with mature road safety policies. The ﬁrst reason
lies in the fact that serious road crashes will occur as long as we leave
the inherent unsafe conditions in road trafﬁc untouched: the inherent
risks come from a combination of the physical vulnerability of the
human body and the levels of kinetic energy in crashes (a combination
of speed andmass). These inherent risks also stem from the fact that the
road transport system cannot be designed from the perspective of the
human being as long as the it fails to defend against human errors and
offenses that can result in crashes. Because of this, we are almost fully
dependent on how well drivers, riders, and pedestrians perform their
tasks. It is remarkable that, while the road transport system puts its
faith in individual driving skills, the rail system and the aviation system
are designed from a safety perspective—and even well-trained profes-
sionals like train drivers and airplane pilots are only allowed to operate
under rather strict conditions.
A second good reason lies in the fact that our traditional policies
have become less effective and efﬁcient. Traditional interventions
dealing with reducing relatively high risks are in the process of coming
to the ends of their life cycle, suggesting that they may be subject to the
law of diminishing returns.
In the Netherlands, these two underlying reasons have triggered a
paradigm shift and resulted in the development of Sustainable Safety,
the Dutch version of the Safe System approach. More details can be
found in Advancing Sustainable Safety [14]. The line of thinking is to
eliminate—or at least considerably reduce—serious injuries through
the use of safe system architecture in designing new parts of our road
network system or retroﬁtting the existing system, for example.
Sustainable Safety is an integral, system-wide approach that operates
on six main points:
• It is ethical, as we do not want to hand over a trafﬁc system to
subsequent generations (in environmental policies, what we call
“sustainable development”) at the current casualty levels but rather
at considerably lower levels, with zero being ultimate aim;
• It is a pro-active approach, whichmeans that it is not necessary towait
for crashes before acting; instead, we use the knowledge we have and
adapt our knowledge to local conditions;
• It emphasizes the idea that “People are themeasure of all things” in such
a way that the vulnerability of the human body, as well as human
capacities and limitations, are the guiding factors when designing a
safe system;
• It is an integral/holistic approach that designs system components
integrally and deals with the whole system, not just “spikes in distri-
butions.” “Integral” also means that other policy areas (infrastructure
investments, environmental policies, urban planning, etc.) should
meet certain safety levels;
• The safe system approach aims at eliminating and/or reducing so-called
“system gaps” [15]. These are “latent gaps,” or individual weaknesses
in components of the system;
• It embodies a preventable injuries approach to identify priorities in
actions 1) based on a good understanding of crash causes, 2) based
on the expected effects of remedies and cures, and 3) starting with
the most cost-beneﬁcial interventions.
Approaches comparable to the Dutch Sustainable Safety approach
were developed in Sweden and Australia along similar lines of thinking
[16]. Other developments have embraced the “zero” target, includingPlease cite this article as: F. Wegman, The future of road safety: A world
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Francisco, and Boston. As we know, “the proof of the pudding is in the
eating,” so it is critical to monitor whether these rather theoretical
approaches result in effective implementation. A recent assessment
aimed to determine if the implementation of Sustainable Safety in the
Netherlands met the high expectations [17]. The research suggests a
30–40% reduction in the number of fatalities with a cost–beneﬁt ratio
of 4:1.
Safe System principles are rather universal. However, local
conditions and circumstances will dictate how these principles can be
translated into local action.
4. Conclusions
The future of road safety is uncertain, and deﬁnitely not the same for
all regions of the world. The anticipated uncertainty has two reasons.
First of all, we do not fully understand how or why countries make
progress in road safety. Over the last few decades, our knowledge of
the causes of crashes and potential remedies for eliminating crashes,
reducing crash risks, and limiting their (negative) consequences has
increased considerably. Still, we are far from a full explanation of crash
developments at an aggregated level; certain important explanatory
factors and developments remain out of our grasp. This can be illustrat-
ed by a recent study that analyzed crash causation using naturalistic
driving data [18]. This innovative research offered the option to witness
crashes via unobtrusive instruments (e.g. cameras and sensors) that
automatically and continuously collect driving information of a relatively
large sample size of crashes. The conclusion of the research was that
distraction—a factor that tends to be very hard to prove with traditional
crash statistics using data from the police—was detrimental to road
safety.
However, the second factor always plays a role when dealing with
future developments: distortions in trend lines. Of course, we can
estimate the (safety) impact of future incremental changes. The safety
impact of system innovations and drastic technological changes such
as (semi)automated vehicles are very hard to predict, though. One of
the fundamentals here is that we do not know how human beings will
respond to given new developments—what we call “behavioral adapta-
tion” [19]. We have only just started the journey to understanding user
interaction with changes to the road trafﬁc system that are not targeted
by initiators of the change and sometimes called side effects.
Having said this, it makes sense to make a distinction between
countries with a mature road safety approach and countries that are
just beginning to implement such approaches. Many high-income
countries are in the ﬁrst group, while many low- and middle-income
countries are in the second group.
Countries with a mature road safety approach—and an ambition to
make further progress—are expected to move in the direction of a Safe
System approach. A traditional “reactive” approach, which focuses on
spikes in distributions, will come to the end of its life cycle. A Safe
System approach deals with human behavior in a proactive and integral
way by creating an environment for safe human behavior. It would be
useful to explore how to use new technologies, which are on the brink
of massive penetration in the vehicle ﬂeet, to arrive at a considerably
safer road trafﬁc system.We do not depend on fully automated vehicles
to achieve safer road trafﬁc. Strong leadership and an active public
sector are crucial to putting Safe Systems in place, and it is realistic to
expect that sustained efforts will lead to substantial results. Political
will is required to accomplish good results. The support of the private
sector and civil society is vital, too, but this cannot replace an active
public sector.
Many low- and middle-income countries (LMIC) face a different
starting point. Reports indicate that there is a lack of almost everything:
a lack of leadership, a lack of political priority, a lack of funding, a lack
of expertise, etc. A positive signal comes from the international commu-
nity, as expressed recently in the recent Brasilia Declaration [20]: thewide perspective, IATSS Research (2016), http://dx.doi.org/10.1016/
6 F. Wegman / IATSS Research xxx (2016) xxx–xxxinternational community is willing to support LMIC in taking the next
steps toward improving road safety. One complicating factor is that,
although LMIC could learn fromHIC, they cannot simply copy successful
HIC strategies. Local circumstances differ, which is why the principles
of successful strategies could be used and perhaps copied—but the
priorities and the action plans should be derived from and adapted to
local conditions. LMIC should invest in local capacity building to carry
out these tasks and create effective road safety communities that
involves all players: the public sector (all tiers of government), acade-
mia, NGOs, and the private sector. Positive results will develop if lead
agencies orchestrate strategy development and the implementation of
action plans. Setting and monitoring road safety targets will likely be
instrumental, and that process requires good data systems.
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